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Objective : This study investigated the clinical and angiographic outcomes 
of treatment with stent-assisted coil embolization using the Solitaire AB 
stents for wide-necked intracranial aneurysms. 

Methods : From October 2010 to December 2011, 22 patients with 
aneurysms were treated with the Solitaire AB stent. One patient with a 
dissecting aneurysm was excluded, thus 21 patients with 21 wide-necked 
saccular aneurysms were included in this study. The technical success 
rate, procedure-related complications, initial and follow-up angiographic re- 
sults, and clinical outcomes were retrospectively collected. 

Results : The locations of aneurysms were as follows: paraclinoid in 14, 
distal internal carotid artery in 4, and vertebral artery in 3 patients. All 
aneurysms were unruptured and less than 10 mm-sized. The mean 
dome-to-neck ratio of the aneurysms was 1.00 (range: 0.45-1.81). The mean 
follow-up duration was 12.1 (7-15) months after the initial procedure. The 
technical success rate was 21 (95.5%) of 22 patients with aneurysms. 
Fortunately, there were no procedure-related complications. Follow-up an- 
giography showed that the rate of complete occlusion was 57.1%, neck 
remnants 38.1%, and incomplete occlusion 4.8%. 

Conclusion : We suggest that using Solitaire AB stent is technically fea- 
sible and safe in the stent-assisted coil embolization for wide-necked sacc- 
ular intracranial aneurysms. To evaluate the long-term effects of this stent. 
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INTRODUCTION 

The use of self-expanding stents has revolutionized en- 
dovascular treatment (EVT) of wide-necked aneurysms. 11 ' 
These stents provide support to minimize the risk of 
coil herniation into the parent vessel, potentially pro- 
vide a scaffold for orifice endothelialization and per- 
mit increased packing density of the aneurysm. 16 ' 18 ' 
They also create flow diversion. 11 ' 

Self-expandable stents, such as the Neuroform and 



Enterprise, ' ' are widely used in the treatment of 
wide necked aneurysms. Initial angiographic results 
indicate that the use of the Neuroform stents result in 
complete occlusion rates of 17-94.4% and Enterprise 
stents 6.9%. 5 ' u ' Navigation or deployment inability 
rates of 4-14% have been oserved with the use of the 
Neuroform stent, and distal migration rates of 1.4% 
with the Enterprise stent. 7 ' 10 ' 11 ' 15 ' The Solitaire AB 
stent (ev3, Irvine, CA, USA) was recently approved to 
treat intracranial aneurysms for these purposes. 
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The Solitaire AB stent is circular and cylindrical and 
is connected to a push-wire that is electrically de- 
tached after full deployment, allowing retrieval or re- 
positioning of stent, superior to other stents. 8 ' 

This study retrospectively investigated the clinical 
and angiographic results of patients treated with 
stent-assisted coil embolization using Solitaire AB 
stent for wide-necked intracranial aneurysms. 

MATERIALS AND METHODS 

Patient populations 

From October 2010 to December 2011, 61 patients 
with 62 aneurysms underwent EVT of intracranial 
aneurysms at our institution. Among these patients, 
22 were treated with stent-assisted coil embolization 
using Solitaire AB stents. One patient with a dissect- 
ing aneurysm was excluded. Thus, this study in- 
cluded 21 patients (male: female ratio, 4:17; mean age, 
56.1 years; range, 38-70 years) with 21 unruptured 
wide-necked aneurysms. Aneurysm size and mor- 
phology were measured using digital subtraction an- 
giography with 3-dimensional rotational imaging. 
Wide-necked aneurysms were defined by a neck 
width of > 4 mm or a dome-to-neck ratio of < 2. 

Endovascular procedures 

Treatment modality was decided by consensus of a 
neurosurgeon and neuro-interventionist considering 
patient co-morbidities, clinical status, and surgical 
feasibility. Solitaire stents were chosen according to 
the surgeon's preference with respect to anatomic 
variations. All procedures were performed under gen- 
eral anesthesia. A 6-Fr or 7-Fr guiding catheter was 
positioned in the internal carotid artery for anterior 
circulation aneurysms or in the vertebral artery for 
posterior circulation aneurysms. Stent-assisted coil 
embolization was performed using the "jailing" tech- 
nique in all cases. 6 ' Solitaire stents were deployed on 
the parent vessels across the neck of the aneurysms 
through a Rebar 0.018 or 0.027 inch microcatheter 
(ev3, Irvine, CA, USA). Patients were pre-medicated 



for 7 days before surgery with aspirin (100 mg/day) 
and clopidogrel (75 mg/day). After surgery, the pa- 
tients were prescribed clopidogrel 75 mg/ day for 3 
months and aspirin 100 mg/day for 12 months or for 
life. During the procedure, patients were heparinized 
to maintain an activated clotting time of > 250 seconds. 

The angiographic results were evaluated by 2 in- 
dependent investigators and categorized according to 
the Raymond-Roy classification as follows: 9 ' Class I 
(no filling of the aneurysm or dome), Class II (resid- 
ual filling of the neck, but not the dome), and Class 
III (residual filling of the neck and dome). Clinical 
outcomes were assessed based on the modified 
Rankin Scale (mRS). The clinical outcomes, angio- 
graphic results, procedure-related complications, and 
technical success rate were reviewed. 

RESULTS 

We performed the stent-assisted coil embolization us- 
ing Solitaire AB stent in all 21 patients. There were 4 
males and 17 females. The mean age of these patients 
was 56.1 year (38-70). The locations of aneurysms were 
as follows: paraclinoid in 14, distal ICA in 4, and verte- 
bral artery in 3 patients. Eighteen aneurysms were lo- 
cated in the anterior circulation, and 3 were located in 
the posterior circulation. All aneurysms were classified 
as small (< 10 mm) and unruptured. The mean 
dome-to-neck ratio of the aneurysms was 1.00 (range: 
0.45-1.81). Nine aneurysms had a neck width of > 4 
mm and 11 had a dome-to-neck ratio of < 1. During 
the procedures, there were no complications related to 
delivery or deployment of the Solitaire stent. In 2 cases, 
stents were repositioned after full deployment. 
Follow-up angiography was performed in 18 of 21 pa- 
tients between 7 and 15 months (mean, 12.1 months) 
after the procedure, and clinical follow-up was per- 
formed between 8 and 25 months (mean, 17.8 months). 
Follow-up angiography was not performed on 3 pa- 
tients who were lost to follow up. 

Immediate post-embolization angiographic results 
were classified as Class I in 12 patients (57.1%), Class 
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Table 1. Demographic data and outcomes of the 21 patients treated with Solitaire AB stent-assisted coil embolization. 



Patient 
No. 




Sex 




LULcl LI Wl 1 


Neck 
(mm) 


Height 
(mm) 


Width 
(mm) 


Angiographic result 
initial F/U 


F/U period 
(months) 


mRS 
last 


n/M rafrn 


1 


55 


M 


Rt. 


paraclinoid 


6.42 


2.91 


7.91 


III II 


8 


0 


0.45 


2 


48 


F 


Lt. 


paraclinoid 


4.47 


3.68 


4.31 


1 1 


13 


0 


0.82 


3 


54 


F 


Lt. 


VA 


9.30 


5.40 


6.60 


II 1 


7 


0 


0.58 


4 


56 


F 


Rt. 


paraclinoid 


3.32 


2.80 


3.94 


1 1 


12 


0 


0.84 


5 


56 


F 


Lt. 


paraclinoid 


3.44 


3.72 


5.46 


1 1 


15 


0 


1.08 


6 


64 


F 


Rt. 


distal ICA 


6.15 


2.89 


6.60 


1 1 


13 


0 


0.47 


7 


62 


F 


Lt. 


paraclinoid 


4.43 


5.43 


5.36 


1 1 


12 


0 


1.23 


8 


55 


F 


Rt. 


distal ICA 


6.30 


1 1.1 


6.20 


II 1 


13 


0 


1.76 


9 


65 


F 


Lt. 


paraclinoid 


3.74 


3.48 


3.85 


II 1 


12 


0 


0.93 


10 


50 


F 


Lt. 


paraclinoid 


3.42 


4.61 


4.21 


1 II 


12 


0 


1.35 


1 1 


60 


F 


Lt. 


distal ICA 


4.04 


7.30 


5.09 


1 1 


12 


0 


1.81 


12 


70 


M 


Lt. 


paraclinoid 


3.83 


4.06 


3.23 


1 1 


13 


0 


1.06 


13 


53 


F 


Lt. 


paraclinoid 


3.13 


2.77 


4.24 


1 1 


12 


0 


0.72 


14 


54 


F 


Lt. 


paraclinoid 


3.86 


3.22 


4.01 


II 1 


12 


0 


0.83 


15 


46 


F 


Lt. 


paraclinoid 


2.61 


2.47 


3.05 


1 1 


12 


0 


0.95 


16 


49 


F 


Lt. 


paraclinoid 


4.58 


5.41 


4.17 


II 1 


12 


0 


1.18 


17 


63 


M 


Lt. 


VA 


7.50 


3.78 


5.39 


II Loss 


Loss 


0 


0.50 


18 


38 


F 


Lt. 


distal ICA 


3.42 


4.29 


3.81 


II Loss 


Loss 


0 


1.25 


19 


58 


F 


Lt. 


paraclinoid 


3.88 


3.41 


3.17 


II Loss 


Loss 


0 


0.88 


20 


56 


F 


Lt. 


paraclinoid 


3.02 


3.37 


3.42 


1 1 


12 


0 


1.12 


21 


68 


M 


Lt. 


VA 


3.70 


4.35 


4.43 


1 1 


12 


0 


1.18 



Width: the short axis dome measurement of a cylindrical aneurysm, the dome/neck ratio is based on the height/neck ratio. Class I: no 
filling of the aneurysm neck or dome. Class II: residual filling of the neck but not the dome. Class III: residual filling of the neck and 
dome. D= dome; N= neck; F/U= follow-up; ICA= internal carotid artery; mRS= modified Rankin Scale; VA= vertebral artery; Lt= left; Rt= 
right. 



II in 8 patients (38.1%), and Class III in 1 patient 
(4.8%). Follow-up angiographic results were obtained 
in 18 of 21 patients (85.7%). These results were classi- 
fied as Class I in 16 patients (88.9%) and Class II in 
2 patients (11.1%). Only 1 patient (patient No. 10) 
showed recanalization of the aneurysm neck on fol- 
low-up angiography. No stent migration or in-stent 
stenosis was seen on follow-up angiography. 

With respect to clinical outcomes, fortunately, all of 
the patients achieved a mRS score of 0 during the fol- 
low-up period. The data and outcomes of all 21 pa- 
tients are summarized in Table 1. 

DISCUSSION 

Stent-assisted coil embolization was broadly consid- 
ered effective for the treatment of wide-necked intra- 



cranial aneurysms. ' ' Self-expandable stents, such as 
the Neuroform and Enterprise, 1 ' 14 ' are often used in 
the treatment of wide necked aneurysms. Their effi- 
cacy and safety in improving anatomical results as 
well as low procedure-related morbidity and mortal- 
ity have been validated. 1 ' 13 ' 

Solitaire AB stents are currently used in the treat- 
ment of intracranial aneurysms. Solitaire stents have a 
navigability advantage compared with other stent sys- 
tems available in the intracranial lesions. They are 
fully retrievable and can be repositioned even after 
full deployment. Experiences with the Neuroform 
stent demonstrated rates of 4-14% for the inability to 
navigate or deploy, 8-17.8% for inaccurate deploy- 
ment, and 24-31% for deployment difficulty. 7)10)15) The 
Enterprise stent demonstrated rates of 3% for the in- 
ability to navigate or deploy. 2 ' Klisch J et al. 8 ' reported 
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Fig. 1. Patient No. 1 1: A 60-year-old woman with unruptured aneurysm of a tortuous left distal internal carotid artery (ICA) is treat- 
ed with coil embolization. (A) The aneurysm is shown on left ICA angiography. (B) A Solitaire stent is positioned at the left distal 
ICA (white arrow: proximal and distal stent marker). (C) Immediate left ICA angiography after embolization shows no contrast filling 
of the aneurysmal neck or dome. (D) Twelve months after embolization, angiography shows no recanalization. 



deployment failure rates of 4.1% for the Solitaire 
stent. In our case, despite very tortuous vessels, we 
did not find difficulty and failure in navigation and 
stent deployment (Fig. 1). 

A high degree of navigability is associated with 
excellent flexibility and an easy delivery system 
through Rapid Transit or Rebar 0.018 or 0.027 inch 
microcatheters. 8 ' 

We had experience repositioning Solitaire AB stents, 
which are fully retrievable and detachable. In our 
case, the stent was deployed and coil insertion was 
performed. However, we detected that 1 stent marker 
was outside the vessel. We thought that the stent 
marker might be in the small perforator. Therefore, 
we pulled the stent pusher wire out slightly. Finally, 
the stent was repositioned and the marker was inside 
the vessel (Fig. 2). During the packing of coiling with- 
in the aneurysm with jailing technique, if micro- 
catheter kick back occurs into the parent artery, a 
Solitaire AB stent can be recaptured within another 
microcatheter. After the selection of aneurysm, 
Solitaire stent can be re-deployed. In the case of 
branch vessel occlusion observed on angiography 
during the procedure, the stent is also retrieved and 
repositioned. 

like another self-expandable stents such as Neuroform 
or Enterprise, in our study, Solitaire stents demon- 
strated successful occlusion rates on immediate post- 
operative angiographies. Immediate angiographic re- 



sults reported with the use of Neuroform stents vary, 
with Class I rates of 17-94.4%. 5) Lee et al. u) reported 
the results of 289 patients who underwent Enterprise 
stent-assisted coiling as follows: 6.9% in Class I, 64% 
in Class II, and 29.1% in Class III. Izar et al. 71 docu- 
mented the occlusion rates for comparison between 
Neuroform stent and Enterprise stent as follows: 
Class I (42.8%/30.95%), Class II (40.5%/38.1%), and 
Class III (13.3%/30.95%). Zhang J et al. 19) noted the 
rates of 31 aneurysms treated with Solitaire stents as 
follows: 26 aneurysms (83.9%) in Class I, 3 aneurysms 
(9.7%) in Class II, and 2 aneurysms (6.4%) in Class III. 
Klisch J et al. 8 ' observed the following occlusion rates 
of 43 aneurysms treated using Solitaire stents: 23 
aneurysms (53.5%) in Class I, 18 aneurysms (42%) in 
Class II, and 2 aneurysms (4.7%) in Class III. 




4 . 



Fig. 2. Patient No.8: A 55-year-old woman with an unruptured 
aneurysm of the left distal internal carotid artery (ICA) was 
treated with coil embolization by repositioning the stent. (A) 
ICA angiography shows that the stent marker was outside the 
vessel. (B) The stent was pulled out slightly and the stent 
marker was moved back inside the vessel. 
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In this study, angiographic results were classified as 
Class I in 12 patients (57.1%), Class II in 8 patients 
(38.1%), and Class III in 1 patient (4.8%). These occlu- 
sion rates are similar to those reported in a series of 
aneurysm coil embolization using Solitaire stents, al- 
though further evaluation with more patients is needed. 

The intracranial stent induces progressive occlusion 
via flow diversion, facilitating intra-aneurysmal endo- 
thelial growth. 10 ' This study improved anatomical re- 
sults with progressive occlusion in 6 patients (28.6%) 
at follow-up periods ranging from 7 to 16 months. 
Specifically, 5 patients converted from Class II to 
Class I, while 1 patient converted from Class III to 
Class II. Fiorella et al. 3 ' and Maldonado et al. 13 ' point- 
ed out that the Neuroform stent improved anatomical 
results, with progressive thrombosis in 52% and 55% 
of the respective cases. Izar et al. 7) noted a 36% pro- 
gressive occlusion rate with Enterprise stent-assisted 
coil embolization. Yavuz et al. 17) observed an 87.5% 
progressive occlusion rate with SOLO stent (first gen- 
eration Solitaire AB stent) assisted coil embolization. 
Further analysis with long term follow-up is needed 
to support these observations. 

In this study, no in-stent stenosis was observed dur- 
ing the follow-up period. Fiorella et al. 4 ' saw rates of 
5.8% for in-stent stenosis using the Neuroform stent. 
The Enterprise stent had in-stent stenosis rates of 
8.6-25% in the treatment of aneurysms. 12 ' 

In addition, no stent migration was observed, possi- 
bly because of the stronger radial force of the Solitaire 
stent (0.0106 N/mm of stent length) compared to oth- 
er stents. 8 ' 

Reported recanalization rate of aneurysms treated 
with Solitaire stents is 6.5 %. 19 ' The Neuroform stent 
had recanalization rates of 1.3-5.8% and those of the 
Enterprise stent were 8.7-28.6 %. mm In this study, ex- 
cept for 3 patients who were lost to follow-up, 1 of 18 
(5.6%) aneurysms recanalized, confirming total occlu- 
sion (Class I) on immediate postoperative angiography. 

This study has some limitations. We did not have a 
control group, so we compared the results and out- 



come of this study to those of previously published 
studies. In addition, data were collected retrospectively 
and the number of patients was limited. The fol- 
low-up periods may not be long enough to result in 
any definitive conclusion. Therefore, longer follow-up 
and more clinical and angiographic data are needed 
to determine the efficacy and safety of Solitaire 
stent-assisted coil embolization in wide-necked aneur- 
ysm cases. 



CONCLUSION 

We carefully suggest that the Solitaire stent is asso- 
ciated with a high rate of technical success, good nav- 
igability, and increase the aneurysm occlusion rates 
on follow-up angiography. Long-term follow-up ex- 
amination is mandatory to support these early 
observations. 
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